The relationship of dietary fat intake with incidence of breast cancer illustrates issues involved in the synthesis of information from animal studies, correlation data based on population groups, studies of individual subjects, and the interpretation of findings from epidemiologic data. The subject is also of major public health importance because a putative association has been an important rationale for recent recommendations to reduce fat consumption.
Nearly 50 years ago, it was shown that the amount of dietary fat could markedly influence the occurrence of mammary tumors in rodents (Tannenbaum and Silverstone, 1953) . For decades this knowledge was largely limited to laboratory scientists, and sometimes regarded as a nuisance variable to those investigating carcinogens that are more interesting. The publication by Armstrong and Doll (1975) of a striking correlation among countries between national per-capita fat consumption and both incidence and mortality rates of breast cancer attracted widespread attention in the larger scientific community (see Fig. 1 for a display of similar data by Carroll, 1975) . The international differences in breast cancer rates are particularly great for postmenopausal women, suggesting the hypothesis that diet should be most strongly associated with breast cancer among these women (de Waard et al., 1964) . The strong enthusiasm for this hypothesis was reflected in the abstract of a case-control study in which a positive, but not statistically significant, relationship was observed between fat intake and risk of breast cancer : "The Study has produced evidence of an association between an increased intake of nutrients, especially total fat, in both pre-menopausal and post-menopausal women with breast cancer. Reasons are discussed why a weak association might have been anticipated, and it is concluded that in reality the association is stronger. Furthermore, its consistency with other evidence, both experimental and international, suggests that it is causal."
After reviewing the published data, a committee of the National Research Council issued a provisional recommendation in 1982 that the fat content of the U.S. diet be reduced from an average of 40% to an average of 30% of calories, largely based on the anticipation of a resulting reduction in breast cancer rates (Committee on Diet Nutrition and Cancer et al., 1982) . This subsequently became the focus of a major health-promotion campaign by the National Cancer Institute (1984) . In this instance, epidemiologic findings were translated into public policy with remarkable speed. Since that time, the epidemiologic data that address this relationship have been greatly expanded and are therefore examined here in detail.
Ecologic Studies
The extremely strong international correlation between national per capita total fat consumption and breast cancer rates has been noted; this correlation is primarily due to animal fat (0.83) as the correlation for vegetable fat is considerably lower (0.18) (Hems, 1978) . However, this correlation is potentially confounded by lean body mass, obesity, sedentary lifestyle, reproductive factors, and other correlates of economic development, because the high incidence countries tend to be Westernized populations, whereas the low incidence countries tend to be non-industrialized. Indeed, the correlation between gross national product and breast cancer mortality rate is 0.72 (Armstrong and Doll, 1975) . Although Japan may appear an exception because it is an industrialized country with low rates of disease, until recently its population largely consisted of peasant farmers. Even in 1950, more than half of its population was rural (Nukada, 1975) . Prentice and colleagues (1988, 1990) have examined the relationship between fat disappearance and breast cancer rates for 21 countries, and they were not able to explain the positive correlation on the basis of standard risk factors. However, they did not have data on variables such as body composition and physical activity.
Other geographic correlation between fat intake and breast cancer risk is less striking. Chen and colleagues (1990) conducted a correlation study among 65 counties in China, using a standardized method of dietary assessment in samples of men and women from each county. In addition, the potential for confounding by factors associated with affluent lifestyles was considerably reduced because all units of observation were within China. Although the mean fat intake for each county varied considerably, ranging from 6% to 25% of energy, intake was only weakly associated with breast cancer mortality rates among women over 55 years of age . Fat intake was observed to be ϳ25% of energy in several counties in China, and thus similar to that of women with low-fat intake in the United States, despite a breast cancer mortality rate of approximately one-fifth of that in the United States . This finding provides strong evidence that factors other than fat intake are major determinants of the international differences in breast cancer rates. For geographic areas within England, a positive correlation between per capita consumption of dairy fat and breast cancer rates has been noted, but fat intake from other sources was inversely related to breast cancer rates (Stocks, 1970) .
Migrant Studies
Migrant studies have demonstrated that the large differences in breast cancer rates among countries are not attributable to genetic factors. Buell (1973) observed that the offspring of immigrants from Japan to the United States, but not the immigrants themselves, have breast cancer rates that are similar to those of the general American population. However, Polish women who migrate to the United Kingdom or the United States (Adelstein et al., 1979; Staszewski and Haenszel, 1965) and Italian women who migrate to Australia (McMichael and Giles, 1988 ) attain rates of breast cancer similar to the higher rates among women born in these adopted countries. This statistic suggests that the delayed effect among JapaneseAmericans may be due to a slower acculturation process. This distinction is potentially important for dietary studies, because an exposure that occurs only in childhood, but is manifested decades later, would be difficult to investigate. More recently, Ziegler and colleagues (1993) used a case-control study designed to examine risk of breast cancer among Asian-Americans in relation to age at migration. A 6-fold gradient in risk was seen comparing women who had migrated from rural areas in Asia after age 36 years to women of the same race who had always lived in the United States. Although increases in risk were seen among the migrants themselves, the full impact of living in the United States was not manifested until three generations of U.S. residence. Thus, the potential periods of susceptibility to a Western lifestyle appear to include midlife and later, and effects of lifestyle may also be transmitted across generations.
Special Populations
The rates of breast cancer among special populations who have been consuming unique diets for long periods are of interest, because an influence of diet should not be missed due to error in the measurement of individual diets or to a limited follow-up period in a cohort study. When compared with that for a U.S. white population of similar socioeconomic level, breast cancer mortality rates among a large group of SeventhDay Adventists were only slightly and nonsignificantly lower than expected (standardized mortality rate 0.85) (Phillips et al., 1980) . In striking contrast, the colon cancer mortality rate among the Seventh-Day Adventists was only about half that of the comparison population. Although total fat intake of Seventh-Day Adventists (36% of energy) has been only slightly lower than the general U.S. population, vegetable fat is largely substituted for animal fat in their diet (Mills et al., 1988) . Thus, these data do not support the hypotheses that animal fat or meat intake are specifically related to breast cancer. Kinlen (1982) compared rates of breast cancer among orders of nuns, who either were vegetarians or ate only small amounts of meat, with rates among single British women (thus presumably controlling for parity); no significant differences were found. Because these women had typically entered their convent before age 20, a contrast in diet had existed for many decades. We cannot be certain that an unknown risk factor among the vegetarian nuns compensated for a protective effect of their diet, but this would require a complex hypothesis.
Secular Trends
Major changes in breast cancer rates within one country provide further strong evidence that nongenetic factors have an important influence on the occurrence of this disease. For example, dramatic changes in breast cancer incidence have occurred in Iceland during this century (Bjarnason et al., 1974) . This increase was primarily in women 45 years of age and older (Fig. 2) , which provides evidence to support the hypothesis of de Waard and coworkers (1964) that environmental factors differentially affect premenopausal and postmenopausal disease. Because the diet of the Icelandic population changed substantially over that period of time, becoming higher in fat composition and more like other Western countries, these data are consistent with the hypothesis that fat intake causes breast cancer. However, they do not exclude other possible explanations, including changes in reproductive factors, physical activity, and an increase in overall foodenergy availability in relation to requirements.
Since 1960, breast cancer incidence rates have increased in virtually all countries where data are available, including developing countries (Ursin et al., 1994) . Prentice and Sheppard (1990) have reported that changes in absolute fat disappearance and changes in breast cancer-incidence rates within countries are positively correlated. However, such analyses illustrate the potential pitfalls in using disappearance data. For example, in the United States, the apparent increase in fat intake resulted from a physiologically implausible increase in total energy disappearance (probably due to greater wastage of food). In actuality, fat intake as a percentage of energy has been declining since about the 1960s (Centers for Disease Control and Prevention, 1994; Stephen and Wald, 1990; Willett and Stampfer, 1990) . Because breast cancer incidence has steadily risen over this period, the secular trend does not support a causal role of fat intake.
Famines or other sudden changes in national diets due to war and social upheavals may potentially be useful to examine the latent period between change in diet and change in breast cancer rates. Tretli and Gaard (1996) have conducted a birth cohort FIG. 2. Age-specific incidence of breast cancer in Iceland for the three time periods 1911 -1929 , 1930 -1949 , and 1950 -1972 . (Bjarnason et al., 1974 . Reproduced with permission of Wiley-Liss, Inc., a division of John Wiley & Sons, Inc. analysis of breast cancer mortality rates in Norway (Fig. 3) . Women born there from 1930 to 1932, who were thus exposed to famine as adolescents during World War II, have experienced an overall 13% lower risk of subsequent breast cancer. This lowered rate has been manifested at all ages as these women have passed through the menopausal years. This finding provides strong support for an important role of diet during the period of sexual maturation, but it cannot distinguish among effects of total energy, fat, and meat, since these and other aspects of diet were greatly altered during the famine.
Case-Control Studies
The relationship between fat intake and risk of breast cancer has been examined in many case-control studies. This design can potentially allow for control of the many variables that could confound international comparisons. In the first detailed case-control study, Miller and colleagues (1978) compared the diets of 400 Canadian women with breast cancer with those of 400 neighborhood controls. Because of the exceptional quality of the data and the prominence this study has received as support for the dietary fat and breast cancer hypothesis (see the beginning of this article), the findings are examined in detail.
Although Miller and colleagues (1978) presented their data in several ways, for purposes of illustration, the means for cases and controls are shown here. The primary findings from the study of Miller and colleagues (1978) are displayed in Table 1 . Although the authors provided information for other dietary lipid fractions, the data for calories, total fat, and saturated fat form the basis of their conclusions. It is apparent that the only statistically significant results are for data based on the 24-h recall. The authors appropriately believe is likely to be both unreliable (subject to major random error) as well as potentially biased in the context of this case-control study because it reflects diet (for the cases) after the diagnosis of breast cancer. For their preferred method of assessment, the dietary history questionnaire, the differences between cases and controls are small and not statistically significant, even by their one-sided test. Moreover, the magnitude of the difference FIG. 3. The estimated incidence of breast cancer in Norwegian women by age at diagnoses and birth cohort (Tretli and Gaard, 1996) . Reproduced with permission from Cancer Causes and Control.
in total or saturated fat intake between cases and controls is almost exactly proportional to that of total caloric intake. From these data, it can be calculated that the cases reported 39.1% of their calories from fat and the controls 39.0% of calories from fat. For saturated fat, the values are 15.1% for cases and 15.0% for controls. Thus, this study actually provides no support for the hypothesis that the fat composition of the diet affects risk of breast cancer. Furthermore, it illustrates the potential for bias when collecting information about diet after the 24-h recall rather than before the diagnosis of disease.
Although the overall data of the study by Miller and coworkers (1978) do not support the hypothesis that dietary fat increases the risk of breast cancer, it is possible that a positive association exists within a subgroup, obscured by only examining the total group. Many believe that diet would have the strongest relationships with breast cancer among postmenopausal rather than premenopausal women, because the international differences and secular changes within some countries are substantially greater for older than younger women. Miller and colleagues (1978) , therefore, examined women separately according to menopausal status (Table 2 ). Although none of the differences are statistically significant, the small overall differences in absolute total and saturated fat intake are almost entirely attributable to premenopausal women, in contrast with expectation. For postmenopausal women over the age of 70, the cases actually reported substantially lower fat intake than controls (see Table 4 of Miller et al., 1978) . For total fat as a percentage of calories, cases reported 38.1% and controls 38.6%, whereas for saturated fat, cases reported 14.6% and controls 14.7%. The authors of this report also provided relative risks for different levels of fat intake. Although some of the relative risks were greater than 1.0 (1.6 for total fat and 1.4 for saturated fat, comparing highest and lowest thirds), none approached statistical significance, and no suggestions of any dose-response relationships were observed. Moreover, none was adjusted for total caloric intake, which would have reduced the observed associations.
In summary, this carefully conducted study does not support the hypothesis that the fat composition of the diet is associated with breast cancer incidence. It is reasonable to suggest that observed associations are likely to have been underestimated, due to an imperfect measure of exposure. It seems inappropriate to conclude, however, that the use of an imperfect measure of diet means that a true association exists when no association, or one that is readily compatible with chance, is observed (see excerpt from abstract of Miller et al. 1978 at the beginning of this article).
The largest case-control study of dietary fat intake and breast cancer incidence was reported by Graham and colleagues (1982) . Fat intake, estimated with a simple food-frequency questionnaire, among 2024 women with breast cancer, was essentially identical to that reported by 1463 control women attending a hospital for a variety of benign conditions. Howe and colleagues (1990) used the original data from 12 
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case-control studies (not including the large study by Graham et al., 1982) to conduct a pooled analysis of dietary fat and risk of breast cancer. Although no significant association between fat intake and breast cancer risk was seen in most of the individual studies, overall a statistically significant positive association was seen. Using the energy partition model, which does not adjust for total energy intake (Willett and Stampfer, 1998) , the relative risk was 1.35 for a 900-calorie fat increment per day. However, this is an extremely large and unrealistic increment, as it corresponds to approximately 100 g of fat per day, whereas the average intake for women is typically 70 to 80 g per day. Using the same data converted to nutrient density, this would correspond to a relative risk of only 1.07 for 40%, compared with 30% of energy from fat. The analysis was criticized by Marshall and Graham (1993) for having deleted studies that contributed to statistical heterogeneity in the findings (i.e., that a claim of consistency was made only after the inconsistent findings were deleted).
A number of additional case-control studies have been published subsequent to the pooled analysis of Howe and colleagues (1990) . In general, they have provided little support for an association between fat intake and breast cancer risk (Franceschi et al., 1996; Holmberg et al., 1994; Kato et al., 1992; Katsouyanni et al., 1994; Landa et al., 1994; La Vecchia et al., 1995; Malik et al., 1993; Martin-Moreno et al., 1994; Yuan et al., 1995; Zaridze et al., 1991) .
Studies conducted among the general populations of Western countries share the constraint that few women consume a diet having less than 30% of calories from fat. For this reason, the Japanese case-control study of Hirohata and colleagues (1985) conducted among 212 women with breast cancer and an equal number of each of hospitalized and neighborhood controls is of special interest. In this study, the mean daily total fat intake reported by cases was 51 g, by hospital controls was 52 g, and by neighborhood controls was 52 g. A similar lack of any substantial difference was seen for both animal and vegetable fats.
Several other case-control studies of breast cancer have contained assorted questions about the use of specific high-fat foods, but these were not extensive enough to provide an estimate of total fat intake. One of these studies (Lubin et al., 1981) was interpreted as supporting the fat and breast cancer hypothesis. Five hundred seventy-seven women hospitalized with breast cancer were asked about their frequency of use of eight foods. Apparently as an afterthought, it was decided to obtain similar information from a series of control women. This required hiring a new interviewing staff, who then administered the questionnaire at the homes of the 72 women of the general population sample who were willing to participate. The associations found for the use of beef, pork, and sweet desserts were striking (Table 3) . If these relationships were truly this strong, one would expect that Seventh-day Adventists or vegetarian nuns would have markedly lower rates of breast cancer. In addition, associations for these foods should be obviously apparent in the case-control studies of Graham and coworkers (1982) and Miller and coworkers (1978) , and in the prospective data described later, which included those of Phillips and Snowdon (1983) and Willett and colleagues (1992) . In retrospect, it seems unlikely that these associations can be correct, and much more likely that they will be found to be artifacts of the noncomparable manner in which the data were collected.
In other case-control studies that included a limited list of foods, Phillips (1975) found a significant association between fried potatoes and the risk of breast cancer in a Seventh-day Adventist population, but apparently found no association with meat. In an Italian case-control study, Talamini and coworkers (1984) reported a positive association with intake of milk and dairy products, but not meat. In a French case-control study, Le and coworkers (1986) found positive associations with the use of cheese and full-cream milk, but not with the use of butter or yogurt. In Pakistan, no significant associations were found with meat and dairy products (Malik et al., 1993) , and no association was seen with high-fat foods in Japan (Kato et al., 1992) . 
Prospective Studies
The potential for biased associations due to selective participation or differential recall of past diet inherent in case-control studies is eliminated in prospective studies of the fat and breast cancer relationship. Only recently have data from several prospective studies been published, largely because of the cost and time that would have been involved. In a prospective study from Japan based on a very limited number of dietary questions, Hirayama (1978) reported a higher incidence of breast cancer among women consuming meat daily. However, the total number of cases among women who ate meat daily was only 14, which precluded any detailed analysis. Phillips and Snowdon (1983) examined the relationship between meat consumption and mortality due to breast cancer during a 21-year follow-up period of California Seventh-Day Adventists. During this period, 186 women died of this disease; the breast cancer mortality rates (per 100,000 person-years) were 47.8 for no consumption of meat, 58.3 for meat use one to three times per week, and 56.9 for use of meat four or more times per week (p for trend, 0.28). These data are of particular value because of the large portion of the population that consumed no meat at all. This Seventh-Day Adventist population also provided a rare opportunity to evaluate the effects of dietary changes on breast cancer risk at various ages, because the age at adopting a vegetarian lifestyle can usually be determined. Mills and colleagues (1988) found that meat, cheese, milk, and eggs all were unrelated to risk of death due to breast cancer. Moreover, among women who did not eat meat, those who adopted a vegetarian lifestyle earlier in life tended to have a higher, rather than lower, risk of breast cancer.
To date, the largest prospective study with a calculation of total fat intake was based on a dietary questionnaire completed by 89,538 registered nurses aged 34 to 59 years in 1980 (Willett et al., 1987a; . During the first 4 years of follow up, 601 cases of breast cancer were diagnosed among the participants. After adjustment for known determinants of breast cancer, the relative risk of breast cancer among women in the highest quintile of calorie-adjusted total fat intake, as compared with women in the lowest quintile, was 0.82 (95% confidence interval, 0.64 to 1.05); for saturated fat intake the corresponding relative risk was 0.84 (0.66 to 1.08). Similar nonsignificant inverse trends were seen for calorie-adjusted linoleic acid and cholesterol and for the same dietary lipids not adjusted for caloric intake (Table 4) (Willett et al., 1987a) .
This study included a validation component that provided an assessment of the distribution of fat intake independent of the study questionnaire. Based on 28 days of diet records completed by 173 participants, the mean values for lowest and (Willett et al., 1987a) a The model includes indicator variables for quintiles 2 to 5 of fat intake, age (5 categories), a maternal history of breast cancer, a sister with a history of breast cancer, nulliparity, age at first birth, Ͻ23 years; current smoking, highest quintile for relative weight, history of benign breast disease, postmenopausal status, and alcohol consumption (3 categories).
highest quintiles of absolute fat intake in this population were 47 and 98 g/day. Expressed as percentage of total caloric intake, the means for extreme quintiles were 32% and 44%. Ideally, one would like to examine the effect of fat intake below 30% of calories. However, at that time, there was insufficient follow up to provide enough cases to evaluate risk among the small percentage of women with lower fat intake. Nevertheless, this degree of variation in fat intake with the study population is of interest, as it corresponds closely to the advice to decrease fat intake by one-fourth from about 40% of calories to 30% of calories. For saturated fat intake, most highly suspected because of the international correlation, the variation in intake was greater. The means of lowest and highest quintiles for absolute intake were 16 and 35 g/day (a 117% increase from lowest to highest), and in relation to caloric intake, were 11% and 17% (a 55% increase).
Even if adequate variation in dietary fat exists within the cohort, useful findings will be obtained only if the dietary questionnaire employed can discriminate among individuals. In this case, information on the performance of the questionnaire was provided by the validation study (Willett et al., 1985b) . Briefly, the correlation between the dietary questionnaire completed at the end of the year of diet record-keeping and the average intake from the 28 days of diet records completed by each participant was 0.53 for calorie-adjusted total fat and 0.59 for calorie-adjusted saturated fat. This degree of validity in measuring dietary fat is certainly not perfect, but appears to be comparable to many measurements used in epidemiology, such as blood pressure and physical activity (Chasan-Taber et al., 1996) . In general, error in the measurement of exposure, random with respect to disease status, has two implications. One is that the observed relative risk is closer to 1.0 than the true relative risk, and the other is that the usual calculated confidence intervals are narrower than the true confidence intervals. In this instance, where no significant association was observed, the focus of interest is on the upper bound of the confidence interval. In other words, what is the upper limit of the plausible relative risks that are compatible with the observed data from the study? It is also of interest that the observed relative risks in this instance were less than 1.0, in the opposite direction of the hypothesis. Statistical methods developed after the original report (Rosner et al., 1989) were used to correct the observed confidence intervals for measurement error based on correction of logistic regression coefficients and their standard errors. Using this method and the data from the validation study, the observed relative risk (adjusted for age, alcohol intake, and calories) for the highest versus the lowest quintiles of saturated fat intake was 0.85 (95% confidence intervals, 0.67 to 1.07), which was corrected to 0.76 (95% confidence intervals, 0.50 to 1.13). Note that the point estimate moved away from one and the width of the confidence intervals increased. The upper bound was still only slightly above unity, indicating that, after accounting for error in the measure of fat intake, the data are compatible with only a weak positive association. Further evidence that dietary fat varied within the cohort and that the questionnaire was capable of measuring this variation was provided by the observation that, in the same population, total and animal fat intake were positively associated with risk of colon cancer (Willett and Stampfer, 1990) , and saturated fat intake was associated with risk of coronary heart disease in age-adjusted analyses (Hu et al., 1997) . Short of finding a significant inverse association, it is difficult for any study to exclude the possibility of a very small positive association. However, the failure of this study to find the substantial positive association between fat intake and breast cancer incidence predicted by the international correlations cannot simply be explained by imperfect measurement of exposure.
It is quite possible that the latent period between exposure and disease was not represented in the 4-year follow up of the Nurses' Health Study, and that fat intake, therefore, might still influence breast cancer risk. This possibility cannot be eliminated, as the latency period for breast cancer is unknown. In laboratory animals, however, dietary fat acts as a promoter, having an effect during the later stages of carcinogenesis . In addition, this study did not address the possible influence of fat intake much earlier in life, such as during childhood. Another limitation of the study was that the age distribution was truncated; the oldest participant was 59 years of age in 1980 when the dietary data were collected. Although there appeared to be no suggestion of any positive association between dietary lipid intake and risk of breast cancer in either premenopausal or postmenopausal women, an association among older postmenopausal women could not be excluded.
The Nurses' Health Study illustrates a major advantage of a prospective study, as it is possible, with additional follow up, to examine the relationship of the same dietary exposure data with risk of breast cancer at different latent periods. Thus, the same relationship was examined after 8 years of follow up, during which 1439 cases of breast cancer had been diagnosed ; a similar lack of evidence for any positive association with total or any type of fat was observed. With the longer follow-up period, most of the cases were postmenopausal, and there was no evidence of association among either pre-or postmenopausal women. The large number of cases afforded the opportunity to examine risks among extreme deciles of fat intake. For the lowest decile of fat intake in 1980 (median intake was 27% of energy) no suggestion of any reduction in risk was seen. A prospective study also provides the opportunity to repeat measurements of dietary intake; thus follow-up dietary questionnaires, which were longer and more detailed, were collected in 1984, 1986, 1990, and 1994 . By using the average of all available measurements for an individual, the effects of measurement error are reduced. The repeated measures of diet were used in this way in an analysis of the 14-year follow up that included nearly 3000 incident cases of breast cancer (Holmes et al., 1999) . This again indicated no evidence for a positive association between fat intake and breast cancer incidence. Indeed, the highest risk of breast cancer was actually seen among women consuming fewer than 20% of calories from fat, and the overall trend was inverse and statistically significant.
The relationship between dietary fat and breast cancer risk has now also been examined in five other large prospective studies (Table 5 ). In all of these studies little or no association with risk of breast cancer was seen for total or saturated fat or among pre-or postmenopausal women. In none of these studies was the risk for the highest compared with the lowest quintiles statistically significant. Several smaller prospective studies (with fewer than 200 incident cases) have also been reported with variable results, but in none was there a significant positive association Knekt et al., 1990; Toniolo et al., 1994) . In another prospective study with 248 cases of breast cancer, no significant association was seen for total fat intake, but information on standard reproductive risk factors was not available (Gaard et al., 1995) .
A collaborative, pooled analysis has been conducted of all the prospective studies included in Table 5 plus an additional recently published study from Sweden (Wolk et al., 1998) . This included a total of 4,980 cases of breast cancer occurring among 337,819 women . In addition to providing great statistical power and precision, the pooled analysis allowed standard analytic approaches to be applied to all studies (which had been analyzed in a variety of ways), an examination of a wider range of fat intake, and a detailed evaluation of interactions with other breast cancer risk factors. Overall, no association was observed between intake of total, saturated, monounsaturated, or polyunsaturated fat and risk of breast cancer (Table 6) . Validation/calibration studies were available for each cohort, and these were used to adjust the relative risks and confidence for measurement error. For a 25-g/day increment in total fat (approximately the difference between top and bottom quintiles assessed by multiple dietary records after accounting for total energy intake), the relative risk of energy-adjusted total fat intake was 1.02 (95% confidence interval, 0.94 to 1.11). After accounting for measurement error, the relative risk was 1.07 (95% confidence interval, 0.86 to 1.34). No evidence of a positive association was seen when the data were limited to postmenopausal women (premenopausal breast cancer was more difficult to define because menopausal status was not updated in most cohorts).
The mean level of fat intake varied somewhat among cohorts; coupled with the large number of cases, this provided the chance to examine a wide range of fat intakes. As shown in Figure 4 , no evidence of any trend of decreasing risk of breast cancer with lower fat intake was observed, even with fat intakes less than 20% of energy. Unexpectedly, when the relatively few women with fat intakes less than 15% of energy were examined, risk of breast cancer was actually increased (relative risk, 2.12; 95% confidence interval, 1.34 to 3.36). This increase in risk was seen among all four cohorts with women reporting less than 15% of energy from fat and could not be accounted for by other dietary or non-dietary factors.
In calculations based on a series of theoretical assumptions, Prentice (1996) has argued that the pooled analysis of fat and breast cancer failed to detect a positive association due to measurement error that was not accounted for because the measurement error model did not include body mass index (BMI) as a covariate. However, one of his central assumptions, that the percentage of energy from fat is substantially underreported by women who underreport energy intake, is not supported by actual data. Moreover, including BMI in the measurement error model had little effect on the findings, and the other prediction based on his assumptions (strong associations between BMI and breast cancer incidence and between dietary fat and BMI) were not supported by the data . Thus, these theoretical concerns appear groundless. Relatively little has been reported from the large prospective studies on associations between specific foods high in fat intake. Toniolo and colleagues (1994) reported a strong and significant association between consumption of red meat and breast cancer. Individual foods were all examined in each of the reports on fat intake and breast cancer from the Nurses' Health Study, but only one sentence was included in the text noting the general absence of associations with individual foods (including the findings for meat). It is likely that other investigators also examined their data, found no association for meat intake, and thus, did not make this the object of a report.
Integration of Findings from Case-Control and Prospective Studies
The separate pooled results of the case-control and cohort studies of dietary fat and breast cancer appear to have provided somewhat different results, with the case-control studies being positive and the cohort studies being null. One possibility is that the dietary assessment methods used in the case-control studies were more precise than those used in the cohort studies. However, the dietary assessment methods were generally similar in the case-control and cohort studies except that they were usually interview-administered in the case-control studies. Although few of the dietary assessments used in the case-control studies were evaluated for validity, the case-control study of Miller and colleagues (1978) showed that there was no evidence of a higher degree of validity than generally found in cohort studies . Furthermore, because it is . Relative risks are adjusted for the following variables: age at menarche (Յ11,12, 13, 14, or Յ15 years), menopausal status (premenopausal, postmenopausal), parity (0, 1 to 2, Ն3), age at birth of first child (Յ20, 21-25, 26 -30, Ն31 years), body mass index (the weight in kilograms divided by the square of the height in meters) (Յ21, Ͼ21 to Յ23, Ͼ23 to Յ25, Ͼ25 to Յ29, Ͼ29), height (Ͻ1.60, 1.60 to Ͻ1.64, 1.64 to Ͻ1.68, Ն 1.68m), education (Ͻhigh school graduation, high school graduation, Ͼhigh school graduation), history of benign breast disease (no, yes), maternal history of breast cancer (no, yes), history of breast cancer in a sister (no, yes), oral contraceptive use ever (no, yes), fiber intake (quintiles), alcohol intake (0, Ͼ0 to Ͻ1.5, 1.5 to Ͻ5, 5 to Ͻ15, 15 to Ͻ30, Ն 30 g per day), and energy intake (on a continuous scale).
a Quintile 1 values are the reference values.
FIG. 4.
Relative risk of breast cancer by percentage of energy from fat in pooled analysis off prospective studies . Reproduced with permission. Copyright 1996, Massachusetts Medical Society. All rights reserved.
likely that diet immediately before the diagnosis of breast cancer is not etiologically relevant, the reporting of current diet in the cohort studies may be more valid than the recall of past diets in case-control studies. The most likely explanation for the discordance is that in some, but not necessarily all, of the case-control studies, selection bias due to non-response resulted in an inappropriate control group, or that recall bias due to the diagnosis of breast cancer or its treatment differentially affected the recall of past diet. The possibility of reporting bias was examined in two of the cohort studies by asking incident breast cancer cases and a sample of non-cases to report their previous diet, as would be done in a case-control study. In the Canadian case-control study , a similar lack of association with fat intake was seen when diet was assessed retrospectively and prospectively. In a study of similar design conducted within the Nurses' Health Study (Giovannucci et al., 1993) , fat intake was positively associated with risk of breast cancer in the retrospectively collected data (the magnitude of association was similar to that in the pooled analysis of case-control studies), but was weakly inversely associated with risk in the data provided prospectively by the same women. Both selection and recall bias contributed to the positive association in the retrospective data (Friedenreich et al., 1994; Giovannucci and Willett, 1994) . These analyses indicate that the positive association in the pooled analysis of case-control studies is compatible with methodologic bias in at least some of the studies, although this cannot be proven directly. However, it is also important to recognize that the case-control and cohort studies are not widely divergent; as noted above, the relative risk in the pooled case-control analysis was small (1.07) when expressed for a realistic contrast in fat intake-40% compared with 30% of energy from fat.
In summary, the large prospective studies of dietary fat and breast cancer have been remarkably consistent in indicating little or no association between fat intake during adult life. The pooling of prospective studies has provided the opportunity to examine a wide range of fat consumption, and no evidence of an increased risk was seen at levels well below 30% of energy. The unexpected increase in risk among women with a very low fat intake is based on small numbers of women, but bears further examination in other data (which will continue to accrue rapidly as the existing cohorts age and results from more recently established cohorts begin to be published). The metabolic effects of very low-fat intake also deserve further consideration. The possibility that dietary fat earlier in life, and even the exposure to maternal diets while in utero (Trichopoulos, 1990) , can influence later breast cancer risk cannot be excluded by the present data and thus deserves further consideration. Also, the observations of inverse associations between olive oil consumption and breast cancer incidence with breast cancer incidence internationally and in multiple case-control studies (Cohen and Wynder, 1990; Katsouyanni et al., 1994; Landa et al., 1994; Martin-Moreno et al., 1994) , together with suggestive animal studies (see below), indicate the need for further consideration of this relationship.
Sporadic associations have been observed between meat and dairy products in some case-control and cohort studies with a limited dietary assessment. These associations, however, have not been consistently observed in these limited studies or in the more comprehensive studies and are inconsistent with the rates of breast cancer in Seventh-day Adventists (Phillips et al., 1980) and vegetarian nuns (Kinlen, 1982) . Moreover, if true, these positive associations with meat intake should have been readily observable in the prospective studies of Phillips and Snowdon (1983) and Willett and colleagues (1987a) . It is, thus, most likely that these sporadic findings represent the play of chance combined with a tendency for positive findings within a study to be emphasized.
Randomized trials of fat reduction have been proposed as the ultimate means of resolving the uncertainty about the association between dietary fat and breast cancer. The Women's Health Trial, sponsored by the U.S. National Institutes of Health, has commenced with the goal of enrolling and randomizing several tens of thousands of women, half of whom will be trained to reduce their total fat intake to 20% of calories derived from fat. Such a trial does not address the most promising modification of the dietary fat hypothesis (that dietary fat reduction at an early age may reduce breast cancer risk decades later). Furthermore, a number of problems may severely compromise the ability of any trial to address the effect of reducing the percentage of fat derived from calories to 20% (Michels and Willett, 1992) . These include the difficulty of maintaining compliance with a diet incompatible with prevailing food consumption habits, as well as the fact that the gradual secular decline in total fat consumption already under way may reduce the size of the contrast of fat intakes between intervention groups and controls. This may be a particular problem among the health-conscious women willing to enroll in this long-term study. In addition, women in the dietary intervention group will be counseled to adopt a dietary pattern that is high in fruits, vegetables, and grain products and low in total fat and saturated fat (Freedman et al., 1993) . Thus the trial will be unable to distinguish between the effect of fat reduction and that of increasing intake of fruit, vegetables, and grain products (Hunter and Willett, 1993) .
Biologic Plausibility
Some support for the hypothesis that high levels of dietary fat increase the rate of breast cancer is derived from studies that have related diet to estrogen levels, which are, in turn, thought to be related to breast cancer risk (Pike et al., 1983) . Among postmenopausal women, omnivores on a high-fat, low-fiber diet had higher urinary excretion of estriol and total estrogens (Armstrong et al., 1981) and higher plasma levels of estrone and estradiol (Goldin et al., 1981) than vegetarian women. The relatively low plasma levels of estrogen among postmeno-pausal vegetarians in the last-cited study were shown at least partly the result of greatly enhanced fecal excretion of estrogens. Feeding a high-fat, Western diet to postmenopausal black South African women who typically consumed a low-fat vegetarian diet caused an apparent decrease in levels of luteinizing hormone, follicle-stimulating hormone, and prolactin (Hill et al., 1980) . In this study, only a small increase in estradiol level was observed, and other estrogen fractions were apparently not measured. Haggarty and colleagues (1988) conducted a crossover trial of a high-fat diet (46% of calories) versus a low -fat diet (25% of calories) among six women. No effect was seen on plasma or urinary levels of estrone, estradiol, or plasma progesterone or prolactin. Also, in postmenopausal women, observed a 17% decrease in serum estradiol levels over a period of 2 to 6 months, but no change in estrone sulfate, among women assigned to a low-fat diet. However, the study is difficult to interpret because women were in negative energy balance, the study did not include a concurrent control group, and many of the women were only several years postmenopausal, a time when endogenous estrogens are steadily decreasing. Rose and colleagues (1993) reported what appears to be the only randomized trial of a low fat diet and hormone levels in postmenopausal women; for this reason, the findings are of considerable interest. The authors reported that patients with higher baseline estradiol concentration (at least 10 pg/ml, below which measurements were thought to be less reliable) "showed a significant reduction in serum estradiol after 6 months on the low-fat diet (average 20 pg/ml, p Ͻ 0.005); this was sustained over the 18-month study period." However, this interpretation appears to be the result of inappropriate analysis combined with the well-known statistical phenomenon of "regression to the mean." The appropriate statistical approach in a randomized trial such as this is to compare change in one group with change in the other group, not to conduct separate tests for change in each study group. In an appropriate analysis, there would certainly have been no significant difference between groups. Contrary to the authors' conclusions, this study failed to support their hypothesis that a reduction in dietary fat decreases estrogen levels in postmenopausal women.
Among premenopausal women, inconsistent associations between diet and sex hormones have been observed. Studies among vegetarian and nonvegetarian Seventh-Day Adventist teenagers (Gray et al., 1982b) and among teenage girls in four countries with large differences in breast cancer rates (Gray et al., 1982a) found no meaningful associations between plasma or urinary estrogen levels and dietary factors. Although premenopausal American women who were omnivores were found to have higher levels of plasma estrone and estradiol than vegetarians (Goldin et al., 1981) , an apparent decrease in estradiol level was caused by feeding a high fat, Western diet to premenopausal South African women (Hill et al., 1980) . A decrease in fat intake from 35% to 21% of calories among women with cystic breast disease was associated with a reduction in estrone, estradiol, and estriol levels (Rose et al., 1987a ), as well as prolactin level (Rose et al., 1987b) ; however, total caloric intake among participants was also reduced by an average of 23%. Bennett and Ingram (1990) randomized 39 premenopausal women to either omnivore, fish, or vegetarian diets, low in fat and higher in fiber. Although this was one of the few randomized trials of diet and endogenous hormone levels, it was also not appropriately analyzed, because only within-group, not between-group changes were evaluated statistically. Non-protein-bound estradiol level declined with the vegetarian diet when expressed as absolute level, but not when expressed as a percentage of total estradiol.
At this time, the relationship between dietary fat and endogenous estrogen levels remains unclear. This is troublesome because, in principle, there should be little difficulty in defining such relationships; studies require only a few dozen women and several months duration, which would allow good control of dietary intake. Unfortunately, very few studies have included a concurrent control group whose fat intake did not change, a weakness of study design that would not be tolerated in investigations of diet and blood lipids. As we know little about determinants of variations in endogenous hormones, this is particularly problematic. Furthermore, even in major research laboratories, endogenous hormone levels are often measured with great imprecision (Hankinson et al., 1994) . This imprecision greatly complicates the interpretation of published data, as it is difficult to know which studies are truly informative. Large prospective studies have now documented clear associations between plasma levels of endogenous estrogens and increased breast cancer risk (Hankinson et al., 1998; Toniolo et al., 1995) . Therefore, to establish the relationships between dietary factors and these levels is a high priority. However, if dietary fats were shown to increase endogenous estrogen levels, this would provide plausibility for a causal relationship between dietary fat and breast cancer, but would not prove the relationship. Fat reduction, and the corresponding increase in carbohydrate intake, has other metabolic effects, including the elevation of blood insulin levels and possibly growth hormone levels (Jenkins et al., 1990) , which in turn increases insulin-like growth factor levels. It has been suggested that such changes might increase risk of several cancers (Giovannucci, 1995) .
In addition to the possibility of acting on estrogen metabolism, several other mechanisms have been proposed by which dietary fat may increase the risk of breast cancer. Wynder and colleagues (1976) have suggested that fat may affect breast cancer risk by altering prolactin secretion. Such a mechanism is supported by some animal studies (Chan and Cohen, 1974) , although it has not been established that prolactin secretion is related to breast cancer in humans. Another potential mechanism relates to the intake of polyunsaturated fats, which are subject to peroxidation in vivo. Highly reactive radicals generated in this process may damage DNA and other macromolecules, ultimately leading to neoplasia (Ames et al., 1995) . In one study, higher fat intake appeared to increase a biomarker of oxidative DNA damage in human white blood cells (Djuric et al., 1991) , but information on the effects of specific types of fat is not available. Moreover, the international correlations that underlie the fat and breast cancer hypothesis are based on an association with animal fats, not vegetable fats, which are the primary source of polyunsaturated fatty acids in most countries. For example, Japanese diets differ from those in the United States in their saturated fat content, but not in the amount of polyunsaturated fatty acids (Insull et al., 1968) .
It has also been suggested that dietary fat may be linked to breast cancer through increased caloric intake and the development of obesity. Adipose tissue can convert androstenedione to estrone (Grodin et al., 1973) and thus makes an important contribution to circulating levels in postmenopausal women . However, obesity is primarily a function of total energy intake and expenditure; the percentage of energy from fat in the diet appears to have little if any long-term effect on obesity (Willett, 1994; 1997) .
A Re-examination of the Animal Data
Although the hypothesis that high fat diets cause breast cancer in humans has been heavily based on animal studies, the interpretation of these laboratory findings is controversial. This issue cannot be reviewed in detail here, but is discussed at length by Birt (1986) and in the proceedings of a symposium (Pariza and Boutwell, 1987) . A central question is whether fat intake has an effect on mammary cancer apart from its contribution to total energy intake.
There is little question that restriction of energy intake dramatically lowers the incidence of mammary tumors (Tannenbaum and Silverstone, 1953) . Because fat is uniquely dense in its energy content, a low-fat diet can be confounded by a reduction in energy intake unless strict care is undertaken to ensure that the available energy intake is held constant. This issue has been studied by Boissonneault and co-workers (1986) , who found, like many others, that rats on a low fat ad libitum diet had lower tumor incidence than those on a high-fat ad libitum diet (Table 7) . When the high fat diet was restricted so that total energy intake was about 20% lower than the ad libitum intake, however, the tumor incidence was reduced by 90%. Albanes (1987) has performed a meta-analysis of diet and mammary cancer experiments in mice over the last 50 years. An extremely strong overall positive association was seen for total energy intake; however, after adjustment for total energy intake, the fat composition was actually weakly inversely related to incidence of mammary tumors. In other reviews of animal experiments, Birt (1986) and Freedman et al. (1990) concluded that evidence did exist for an effect of dietary fat independent of total energy intake. In other animal studies specifically designed to determine the independent effects of fat and energy intakes, the effect of fat was either weak in relation to energy intake (Ip, 1990) or nonexistent (Beth et al., 1987) .
A fundamental question related to the laboratory findings is whether any particular rodent model has relevance for the relation of dietary fat to human breast cancer. Ironically, this is a difficult issue to prove or disprove without firm human data. In toxicity studies, the analogy with humans is more direct as it involves fewer assumptions to presume that the different species will respond similarly; even in this situation, many exceptions can be found. In many studies of diet and cancer in animal models, however, one is examining the effect of diet on a cancer that is caused by high doses of an inducing agent that may not be relevant to humans. Conditions that may more closely resemble human experience were used by Appleton and Landers (1986) to examine dietary fat in relation to spontaneously occurring breast tumors in rats and mice. As part of a large toxicologic screening program, two series of control animals, totaling over 10,000 animals, were used: those receiving and not receiving large daily doses of corn oil. Despite a large difference in fat and energy intake (the corn oil animals gained more weight), there was little difference in mammary tumor incidence.
Using a quite different approach, Sonnenschein and colleagues (1991) conducted a case-control study of breast cancer in dogs by interviewing owners about the usual foods consumed by their animals. Compared with human populations, an extremely wide intake in the fat composition of the diet was observed among the animals (from 10% to 70% of energy) that varied little from day to day. Compared with controls having other cancers, and a series of cancer-free controls, no association was observed with the fat composition of the diet. Although the total fat composition of the diet does influence the risk of mammary tumors in some animal models, it does not appear to do so in others. Thus, the existence of such a Note. Reproduced with permission from Journal of the National Cancer Institute (Boissonneault et al., 1986). relationship in animals cannot be used as an argument that a similar effect should exist in humans.
Specific Types of Fat and Breast Cancer
Apart from possible effects of total fat intake on the occurrence of breast cancer, the results of some animal studies have suggested that the fatty acid composition of the diet has an independent relationship with this malignancy. In particular, it has been suggested that polyunsaturated fat may be most deleterious Hopkins and Carroll, 1979 ). This appears to be inconsistent with human data based on the international correlation that exists for animal, but not vegetable, fat. In addition, an association between polyunsaturated fat and breast cancer has not been seen in case-control studies (Howe et al., 1990) or in prospective analyses . Ip (1987) has suggested that little relationship exists in rodents once the essential requirements for linoleic acid have been met.
Some animal studies have suggested that monounsaturated fat, in the form of olive oil, may be protective, relative to other sources of energy (Carroll, 1987; Cohen et al., 1991) . In a Spanish study specifically undertaken because of the high consumption of olive oil and low breast cancer rates in this population (Martin-Moreno et al., 1994) , higher intake of olive oil was associated with reduced risk of breast cancer. Similar inverse associations with olive oil or monounsaturated fat were seen in case-control studies in Greece (Katsouyanni et al., 1994) , Italy (La Vecchia et al., 1995) , and elsewhere in Spain (Landa et al., 1994) . In the Italian study, polyunusaturated oils were also related to lower risk.
On the basis of limited animal studies, high intake of omega-3 fatty acids from fish has been hypothesized to reduce breast cancer incidence (Karmali, 1987) . However, an inverse relation between extra-long-chain omega-3 fatty acids or fish consumption, the major source of these fats, was seen in only 1 of 13 case-control studies (Willett, 1997) . Also, no association was seen in Norwegian or New York cohorts (Vatten and Kvinnsland, 1990; Toniolo et al., 1994) , and in the 14-year follow-up of the Nurses' Health Study a weak positive relationship was observed (Holmes et al., 1999) . Further, no relationship was seen between omega-3 fatty acid levels in prospective blood specimens and breast cancer risk among a Scandinavian population (Vatten et al., 1993) or when measured in adipose in a U.S. case-control study (London et al., 1993) .
Alternative Hypotheses
The failure of most case-control and cohort studies to confirm the hypothesis that a diet high in total or saturated fat composition increases the incidence of human breast cancer leaves unexplained the large differences in breast cancer rates among countries. Many alternative hypotheses exist, including differences in reproductive risk factors (Spicer et al., 1995) , intake of selenium and other minerals (Schrauzer et al., 1977) , marine oils (Karmali, 1987) , alcohol Willett et al., 1987b; Longnecker, 1994) , specific vegetables (Kamiyama and Michioka, 1982; Knox, 1977; Steinmetz and Potter, 1991) , phytoestrogens (Horn-Ross, 1995; Yuan et al., 1995) , the use of hormone replacement therapy , and physical activity . Although a combination of these factors may contribute to differences in rates between countries, another alternative explanation for the large differences is that the powerful protective effect of energy restriction found consistently in animal studies also applies to humans. More specifically, one aspect of this hypothesis suggests that energy intake sufficiently restricted during childhood so as to reduce adult height will decrease the incidence of breast cancer in humans. This hypothesis has been suggested by de Waard (1975) to explain the low rates of breast cancer in Japan, and Gray and colleagues (1979) have shown that differences in body size can explain a large portion of the variation in national rates of breast cancer. Micozzi (1985) has used adult height as an index of energy balance during development, and has examined the correlation between mean national heights and breast cancer incidence rates (Fig. 5) ; a correlation very similar to that for per capita fat intake was observed.
Within some populations, use of height as an index of childhood energy balance appears to be legitimate. For example, the substantial gain in stature by offspring of Japanese emigrants to the United States provides clear evidence that caloric restriction has occurred in Japan (Insull et al., 1968) . Because not all members of a society are likely to have been equally restricted, the energy restriction hypothesis would lead us to expect a positive association between height and risk of breast cancer within countries such as Japan, which have experienced a major secular change in adult height over this century. The positive association between height and breast cancer observed in Greece (Valaoras et al., 1969) and in Holland (De Waard, 1975) may be related to limited energy availability for some girls during periods of social disruption.
The interpretation of height in case-control or cohort studies within countries with a prolonged period of relative affluence is less clear. In the United States, caloric restriction sufficiently severe to limit attained height is likely to be less common so that variability in height probably largely reflects genetic factors rather than nutritional status during development. Nevertheless, height generally appears to be a risk factor for breast cancer in affluent countries (Swanson et al., 1988; Hunter and Willett, 1989) , although the findings have not been entirely consistent. Thus, height per se may be a risk factor (perhaps reflecting levels of endogenous growth factors) rather than simply serving as an indirect marker of earlier nutritional experiences. However, in Norway, the association between height and breast cancer risk was strongest among the cohort of women who were preadolescents during the World War II period of nutritional deprivation , suggest-ing that the nutritionally determined component of height is particularly important.
Total energy intake almost certainly has an etiologic role in breast cancer risk that is mediated by age at menarche, which is a well-established risk factor. Both greater height and greater adiposity predict an earlier age at menarche (Maclure et al., 1991; Meyer et al., 1990) ; average age at menarche is approximately 17 years in rural China (Chen et al., 1990) , and in the United States, has declined from a similar age 200 years ago to about 12 years at present (Wyshak and Frisch, 1982) . Energy balance in childhood may also act by additional mechanisms, because height appears to be a risk factor for cancers of the colon and other sites (Swanson et al., 1988) . It is possible that restriction of other critical nutrients, such as protein or essential fatty acids, sufficient to inhibit growth rates, will similarly delay menarche and reduce risk of breast cancer.
The relation between relative weight, which reflects energy balance throughout life, and breast cancer incidence is particularly complex (Willett, 1987; Hunter and Willett, 1993) . Among premenopausal women in affluent countries, risk of breast cancer has been inversely related to indices of obesity, whether measured at age 18 or several years before diagnosis Le Marchand et al., 1988; Paffenbarger et al., 1980; Willett et al., 1985a) . This finding is seemingly at odds with the energy-restriction hypothesis, but the observation that irregular menstrual periods are more frequent among women with a higher relative weight (Willett et al., 1985a) is compatible with the hypothesis of Pike and colleagues (1983) that repeated ovulatory menstrual cycles and the accompanying cell division of breast tissue increases the likelihood of breast cancer. The relationship of higher relative weight to anovulation has been confirmed by the finding that the risk of anovulatory infertility is lowest among women with a BMI of 18 to 23 kg/m 2 (relatively lean by U.S. standards) and rises progressively among the few women with lower BMI and the far larger group with higher relative weights (Rich-Edwards et al., 1994) .
Among postmenopausal women, a positive association has generally been observed between relative weight and risk of breast cancer (Brinton et al., 1979; Valaoras et al., 1969) , although this relationship has been nonexistent or extremely weak in affluent populations with high rates of breast cancer (Hunter and Willett, 1989; Tretli, 1989; Howe et al., 1990; Pathak and Whittemore, 1992) . The lack of a stronger relation in high-risk populations has been perplexing, because among postmenopausal women the levels of endogenous estrogens rise substantially with greater adiposity . Recent data from the Nurses' Health Study suggest that the weak overall relationship between BMI in postmenopausal women results in part because the protective effect of higher BMI in early adulthood against premenopausal breast cancer also extends to protection after menopause. However, weight gain as an adult (which would result in higher estrogens levels after menopause) substantially increases risk of postmenopausal breast cancer, thus counter-balancing the benefit of earlier adiposity (Huang et al., 1997) . Furthermore, the adverse effect of weight gain (and also the association with BMI after menopause) is considerably stronger among women who never FIG. 5. Correlation of average adult height in women with breast cancer incidence for 30 countries (r ϭ 0.8) (Micozzi, 1985) . Reproduced with permission from John Wiley & Sons, Inc.
used estrogen replacement therapy after menopause. Among those who use estrogen replacement, the influences of adipose on endogenous estrogen levels appear to be masked by pharmacologic doses of estrogens. Together, weight gain after age 18 and use of estrogen therapy after menopause appeared to account for one-third of the postmenopausal breast cancer incidence in the Nurses' Health Study. The opposing effects of early adiposity and weight gain probably account for the stronger association between BMI and postmenopausal breast cancer in low-incidence countries than in high-risk regions. In low-incidence areas (e.g., developing Asian countries and southern European countries), few women are likely to have sufficient adiposity to cause anovulation during the premenopausal years. Thus, weight gain in midlife would be unopposed, resulting in a strong positive association between BMI and breast cancer after menopause. Of course, postmenopausal breast cancer rates reflect early adult exposures decades ago, and relationships with BMI in countries with historically low rates are likely to evolve toward those of high-incidence areas with increasing adiposity.
The energy-restriction and dietary fat-composition hypotheses are not mutually exclusive, and in the extreme, they may converge. In traditional societies of physically active peasants who experienced chronic parasitic diseases and recurrent bouts of diarrhea and other infections during childhood, it would be difficult to avoid energy restriction on a rice or other staple diet that contained only 10% of calories as fat. A sedentary lifestyle, relative control of infectious diseases, and ready availability of refined carbohydrates, however, make it easy to obtain excess energy on what would be considered to be low-fat diets, that is, 20% or 25% of calories as fat. Even if it is true that energy restriction sufficiently severe to limit adult height reduces breast cancer incidence, this is unlikely to provide a practical approach to the prevention of human breast cancer. Although a risk factor for breast cancer, tallness has also been consistently associated with lower risk of cardiovascular disease (Rich-Edwards et al., 1995) . Being physically active and lean throughout life appears to be desirable for many reasons. Included are possible delay of menstruation and reduction in risk of postmenopausal breast cancer Frisch et al., 1985) , as well as total mortality . Although a small increase in risk of breast cancer during the premenopausal years appears to be associated with leanness, breast cancer mortality is not increased among lean women, presumably because tumors are more easily detected and effectively treated (Huang et al., 1996; Tretli, 1989) .
Summary
Good reasons exist to reduce intake of animal and partially hydrogenated fat. Existing data, however, provide little support for the hypothesis that reduction in dietary fat composition, even to 20% of energy during adulthood, will lead to a substantial reduction in breast cancer in Western cultures. Some evidence suggests that substituting monounsaturated fat for other sources of energy may even reduce risk of breast cancer; this deserves further examination. Also, the avoidance of weight gain during adulthood has many benefits, which are likely to include an important reduction in risk of postmenopausal breast cancer.
